The generation of industrial residues is unavoidable, but these materials may be recovered, redirecting them toward new production processes, rather than allocating them to the stream of discards. The aim of this paper is to study the feasibility of utilization of metallurgical wastes as raw material for tiles in the ceramic industry, using the residual materials as aggregates in clay based ceramics. The residues used are: sludge and slag from several metallurgical processes, Ruthner dust and foundry sand. Samples were obtained from mixtures of clay and each waste in various percentages, which were then heat treated. The pieces obtained were characterized using several techniques, with the aim of determining the properties of these materials in relation to the commercial requirements. A high feasibility of reuse of most of these wastes as raw material in the production of ceramic bodies has been established.
Introduction
The increase in the volume of industrial discards, the simultaneous reduction in waste disposal areas, and all the problems associated with industrial wastes, are issues that demand immediate attention.
The generation of industrial residues is unavoidable. Wastes are the last outcome of any industrial activity, but these materials may be recovered, redirecting them toward new production processes, rather than allocating them to the stream of discards.
The aim of this paper is to study the feasibility of utilization of metallurgical wastes as raw material for tiles in the ceramic industry, using the residual materials as aggregates in clay based ceramics. The residues used are: blast furnace sludge (BFS), converter steel slag (CSS), Ruthner dust (RD) and foundry sand (FS).
Diverse alternatives for the reutilization of these wastes have been analyzed. Other authors have studied the replacement of sand in concrete mixtures, up to 30%, by foundry sand [1, 2] , the use of foundry sand in the construction of blast furnace channels [3] and the addition of foundry sand in ceramics [4] .
The converter steel slag can be used in several areas, such as fertilizer [5] , as aggregates in road construction [6] , in cement [7] and as raw material for ceramics [8] .
Ruthner dust is used, among other applications, in the manufacture of ferrites, as colorants for concrete and for catalysts [9] .
Blast furnace sludge has been studied as adsorbent of heavy metals in aqueous effluents [10, 11] and as the main material of ceramic particles in filters for wastewater treatment [12] .
Experimental
The raw materials used in this study, wastes and clay, are granular and have been characterized by diverse tech-niques: optical microscopy (OM), scanning electron microscopy (SEM) with X-ray electron dispersive analysis (EDS), differential and gravimetric thermal analyses (DTA-TGA) and particle size distribution, among others. The optical observations were made with Zeiss-Axiotech equipment with a Donpisha 3CCD camera and image scanner. SEM analyses were carried out through a Phillips 515 scanning electronic microscope with an X-ray detector (EDAX-Phoenix). DTA-TGA was performed in a Shimadzu DTA-50, TGA-50 with Thermal Analyzer TA-50 WSI.
Samples were obtained from mixtures of clay and each waste in various percentages. The particle sizes used were less than 2mm. A moisture content of 8% was added to these mixtures. The samples were obtained by uniaxial pressure of 25 MPa in a rectangular mold of 40 mm x 70 mm, resulting thickness of approximately 16 mm.
These samples were then heat treated in the range 900˚C -1000˚C, taking into account the phase diagrams corresponding to the mixtures compositions.
The obtained probes were characterized by diverse techniques: porosity, mechanical properties, SEM, OM, weight loss on ignition (LoI), permanent volumetric variation (PVV), among others.
The porosity of the samples was determined by the 12510 IRAM Standard.
The mechanical essays were carried out with a Cific Universal Testing Machine, 294 kN. The bending test is performed on samples with the aspect ratio established in ASTM C67-03a Standard. LoI and PVV values were determined on the bricks samples by difference of weights and volumes respectively, before and after the heating treatment.
Results and Discussion

Raw Materials Characterization
The microscopic appearance of the wastes is shown in Figure 1 . The chemical composition of the studied wastes by EDS semiquantitative technique is presented in Table 1 , expressed as a percentage of the present elements, regardless of carbon content. There is no C present in RD waste and in FS, CSS and BFS the C content was determined as 16.18%, 13.20% y 51%, respectively. Figure  2 presents the DTA-TGA of these residues. The analysis corresponding to FS sample shows a notable weight loss between 400˚C to 550˚C with an exothermic peak in DTA in this range of temperatures. This is explained as the combustion reaction of the organic compounds used as additives during the fabrication process of foundry molds. A small endothermic peak at 572˚C is also observed which corresponds to the reversible allotropic transformation of quartz (c.a. 573˚C) [13] . CSS sample presents two ranges with weight losses 400˚C -430˚C and 600˚C -700˚C ranges, and the corresponding endothermic reactions in the DTA at maximum temperatures of 425˚C and 685˚C. They are interpreted as calcium hydroxide and carbonate decompositions respectively.
In BFS waste, there is a constant weight loss between 400˚C to 700˚C which can be attributed to the combustion of carbonaceous materials of the sample. DTA analysis shows two exothermic peaks at 467˚C and 636˚C. They are interpreted as exothermic oxidation reaction from Fe 3 O 4 and FeO (determined by XRD) to Fe 2 O 3 , which is the only oxide detected by XRD in the calcined sample [14] .
In RD sample, neither weight loss nor peaks have been found in DTA analysis. This result was expected taking into account the results of XRD that indicate the presence of Fe 2 O 3 alone and the results of the weight loss ignition essay.
The samples were prepared with the wastes as received, selecting particle sizes less than 2 mm. The particle size distribution of the powders is shown in Figure  3. 
Ceramic Products Characterization
Samples obtained with addition of CSS and BFS waste sintered at 950˚C and those prepared with foundry sands sintered at 900˚C. Samples containing up to 20% residue RD sintered at 950˚C, while those with higher RD contents did at 1000˚C. Figure 4 shows some of the obtained products.
The samples are usually maintained at room temperature and humidity during the characterization process. It was noted that after a period of two weeks the samples with contents greater than 10% of CSS showed shelling of the structure and presented white areas, attributed to the formation of hydroxides of Ca and Mg, which implies that these samples are not stable even after sintering. 
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The porosity of the samples obtained adding BFS, FS and RD is shown in Figure 5 . The corresponding results are in the required commercial range.
The porosity of the samples with CSS couldn't be determined because the samples were shelled during the corresponding test.
The test results of flexural strength are shown in Figure  6 . In general these values are below those required for tiles. All the samples show values higher than those established by the standards, except those with higher BFS content. These results lead to the conclusion that there is a high feasibility of reuse of this type of waste as raw material for ceramic masonry, since the flexural requirements are lower.
The permanent volumetric variation (PVV) and the weight loss on ignition (LoI) of the samples are presented in Figures 7 and 8 , respectively.
The PVV of the samples with added BFS is greater than that obtained for the clay except for the samples with 40 and 50% of added waste having a similar and slightly superior PVV, respectively.
The samples with lower RD contents show PVV values similar to those of the clay whereas above 20% of waste addition, variations in direct relation to discard content were determined. It is observed a maximum decrease of approximately 12% for samples with 50% of RD. Despite 
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The highest LoI is 16.9% for the samples with 50% BFS. The lowest LoI is registered for the sample with highest RD content.
Conclusions
This paper discusses the feasibility of utilization of metallurgical wastes as raw material for ceramic industry in tiles and masonry production. Wastes used as aggregates in clay based ceramics were blast furnace sludge, converter steel slag, Ruthner dust and foundry sand.
The results suggest that with the exception of the slag, the analyzed wastes can be incorporated as raw material replacement in the production processes of ceramic compact.
